Recently, Pseudomonas aeruginosa infections proportions have increased significantly. Molecular typing and virulence analysis are good techniques, which can lead us to know P. aeruginosa infections. P. aeruginosa isolates were identified by using housekeeping gene (16S rDNA gene) via PCR technique for accurate identification. The highest percent 41.26% of P. aeruginosa bacteria was found in the burn infections followed by 28.57% in wound swabs, 17.46% in ear discharge and lowest percentage were obtained from sputum samples. All isolates classified into six groups (A-F) according to classes of antibiotics. Of the 63 bacterial isolates, 100% were resistant to carbencillin, whereas 31.74% were resistant to ticarcillin and all isolates susceptible to imipenem. In addition all of clinical isolates indicated multidrug resistant (MDR) patterns, the highest rate of MDR was observed with pattern C these isolates were able to resist (9-12) antibiotics. All isolates were typed genotypically by using two methods of amplification, ERIC and RAPD-PCR. The results of the ERIC-PCR typing of P. aeruginosa bacteria that 96.82% showed amplification bands ERIC-PCR also revealed 17 groups of genotypes (A-R) and 4 unique isolates. The results of RAPD-PCR fingerprint revealed 12 groups of genotypes (A-M) of 40-90% similarity according to coefficient values and 4 unique isolates, except 7.93% were untypeble. QS genes (lasI, lasR, rhlI, rhlR), screen showed all isolates 100% were positive for one or more QS genes, in the other hand 82.53% carrying lasI, lasR, rhlI, and rhlR, while the 15.87% carrying lasI, rhlI, and rhlR and 1.58% carrying lasI, lasR, and rhlR genes. ERIC genotyping significantly correlated resistance patterns but not with virulence control QS genes. RAPD genotyping significantly correlated with source of infection, resistance patterns and virulence control QS genes. These results can help initial diagnosis MDR P. aeruginosa outbreaks associated with specific genotyping patterns.
‫الخالصة‬

Introduction
Pseudomonas aeruginosa is a Gram-negative opportunistic pathogen and one of the main causes of nosocomial infections, including surgical wound infections, bloodstream infections, urinary tract infections and pneumonia. It is frequently isolated from immunocompromised individuals and intubated patients, and causes chronic lung infections in cystic fibrosis (CF) patients, as well as in adults with bronchiectasis and chronic obstructive pulmonary disease [1] . P. aeruginosa virulence factors are coordinated by a cell density monitoring mechanism termed quorum sensing system (QS). The two well-defined QS systems in P. aeruginosa bacteria, namely rhl and las, depend on the N-acyl homoserine lactone (AHL) signal molecules, also termed autoinducers (AI) [2] . QS is responsible for the regulation of a large number of genes, for instance, around 10% of genes in the genome of P. aeruginosa are regulated by QS [3] . Typing of this nosocomial pathogen like P. aeruginosa is very important for detecting the source of nosocomial outbreaks and to implement effective control methods for the prevention the spread of the pathogen, a good typing technique should be highly discriminatory, easy to use, inexpensive, reproducible, and fast. Phenotypic and biochemical methods based on antimicrobial susceptibility, serotyping, and bacteriophage typing lack discriminatory power and stability and were replaced with molecular based techniques. Many molecular typing methods have been developed for typing P. aeruginosa [4] , like pulsed-field gel electrophoresis (PFGE), restriction fragment length polymorphism analysis (RFLP), random amplification of polymorphic DNA (RAPD-PCR), and enterobacterial repetitive intergenic consensus (ERIC-PCR) [5] , have been used for the typing of strains. ERIC-PCR and RAPD-PCR, rapid and inexpensive PCR-based typing methods, can be used to screen, discriminate, and to determine genetic relatedness among the strains [6] . Molecular typing represents a tool to elucidate the genetic diversity underlying important phenotypic features such as host specificity, pathogenicity, and antibiotic resistance and virulence factors [7] . So, because of the pathogenesis of Pseudomonas is complex and multifactorial, since the bacterium is both invasive and toxigenic, can cause a range of infections in humans. The study came to study the characterization the genetic diversity of P. aeruginosa isolates obtained from different clinical sources using ERIC and RAPD-PCR fingerprinting and to compares between ERIC, RAPD-PCR to demonstrate close concordance among these methods, and to investigate the QS molecules in P. aeruginosa to understanding the relation between multidrug resistant and pathogenesis. 
Materials and Methods
Sample collection
DNA extraction
Chromosomal DNA was extracted using by boiling method [9] . Briefly, few isolated bacterial colonies of overnight growth bacteria suspended in 1ml distilled water and boiled in water bath, for 10 min. After centrifugation at 12,000×g for10 min at 4°C, supernatant were recovered and 5µl was directly used as the template for PCR.
Application of PCR
In order to confirm the isolates as P. aeruginosa, PCR assay that based on housekeeping gene (16S rDNA gene) sequence with specific primers F: (5´-GGGGGATCTTCGGACCTCA-3´) and R: (5´-TCCTTAGAGTGCCCACCCG-3´) [10] , was carried out in 25μl reaction volumes composed from 12.5μl of GoTaqGreen Master Mix, template DNA 4μl, forward & reverse primers 0.75μl for each, and 7μl of Deionized Nuclease Free water was added to PCR mixture. PCR mixture without template DNA was used as a negative control. PCR was run under the following conditions: primary denaturation step at 95°C for 2 min, 30 repeated cycles start with denaturation step at 94°C for 20 sec, annealing at 58°C for 20 sec, and 40 sec at 72°C as extension step followed by final extension step at 72°C for 7 min.
ERIC-and ARPD-PCR primers and conditions
The clonality of P. aeruginosa isolates was determined by using the ERIC-PCR "Enterobacterial repetitive intergenic consensus". Specific primer of ERIC 1 (5´-ATGTAAGCTCCTGGGGATTCAC-3´) and ERIC 2 (5´-AAGTAAGTGACTGGGGTGAGCG -3´) [11] . Amplification was carried out with an initial denaturation (94°C, 7min), followed by 35 cycles of denaturation (94°C, 30sec), annealing (48°C, 2min), and extension (72°C, 4min) with a single final extension (72°C, 15 min). ERIC-PCR were carried in 25μl, volume comprising of 5μl of P. aeruginosa DNA, 1μl of each primer (10 Pmol/μl) and 12.5μl master mix. Filtered water was added to the mixture to make a final volume. The second primer, RAPD-PCR fingerprinting "Random amplification of polymorphic DNA" was performed using primer sequence (5´-ACGGCCGACC-3′) [12] , amplification was carried out with an initial denaturation step was omitted, followed by 50 cycles of denaturation (94°C, 1min), annealing (44°C, 1min), and extension (72°C, 1min) with a single final extension (72°C, 10 min). The same mixture concentration in ERIC-PCR were used for RAPD-PCR, except that the 2μl of primer.
DNA sequence analysis of lasI, lasR, rhll, and rhlR genes lasI, lasR, rhll, and rhlR genes from all isolates were PCR amplified using the primers sets described by Cotar et al. [13] . For PCR amplification the following primers were used as shown in Table 1 . Cycling conditions for lasI, lasR and rhlL genes are as follows: an initial denaturation (95°C, 5min), followed by 35 cycles of denaturation (95°C, 30sec), annealing (59°C, 1min), and extension (72°C, 30sec) with a single final extension (72°C, 15 min). The same cycling conditions were used for rhlR gene except that the annealing temperature (54 ºC. 30 min).
Gel electrophoresis
After PCR, the amplified products were subjected to electrophoresis in 1.5% (w/v) agarose gels (Promega, USA), stained with 5 g/100 ml ethidium bromide in 1x TBE buffer (40 mMTris, 20mM boric acid, 1 mM EDTA, pH 8.3). The gels were photographed after electrophoresis under UV light to record results.
Statistical analysis
The DNA banding patterns generated by ERIC and RAPD-PCR methods were used in generating dendrograms using the software PAleontological STatistics version 3.11. The relatedness between the profiles was derived based on unweighted pair group method with arithmetic mean (UPGMA) using the Dice correlation coefficient method and expressed as percentage similarity. The discriminatory index was calculated for RAPD-PCR and ERIC-PCR by using the Simpson's index of diversity [14] . Average similarity value was calculated on the basis of the similarity matrix [15] .
Results and Discussion
Isolation and identification of Pseudomonas aeruginosa P. aeruginosa has emerged as one of the most problematic nosocomial pathogens; it is considered an opportunistic pathogen that causes infections [16] . It is the leading cause of wound, surgical wound infections, and urinary tract and ear infections [17] . A total of 100 samples have been subjected for isolation and identification phenotypically by api20E and Geno-typically by polymerase chain reaction (PCR) based on 16S rDNA gene of bacteria pseudomonas aeruginosa was isolated from 63 (63%) samples, Figure 1 . From these positive cases, the isolation rate of P. aeruginosa was the highest in burn swab samples 26(41.26%), followed by 18(28.57%) in wound swabs, 11(17.46%) in ear discharge and lowest percentage were obtained from sputum samples as shown in Table 2 . An accurate and rapid system for the identification of P. aeruginosa is important to prevent further spreading of the diseases. In current study, P. aeruginosa bacterial isolates were identified by using molecular method (PCR) [34] . P. aeruginosa isolates were identified using 16S rDNA gene via PCR technique as it was developed as an alternative ways for accurate identification and classification of bacterial species; especially when amplifying bacterial housekeeping genes [18] . P. aeruginosa infections were most common in burn and wound infections. The highest percent of P. aeruginosa was found in burn infections. In concordance with our result, in Egypt, Mahmoud et al. [19] , who founded that 32.3% of infections in burn unit causing by P. aeruginosa bacteria, also Pathmanathan et al. [20] , reported that P. aeruginosa bacteria is a nosocomial pathogen oftentimes isolated from burn infections. 
Phenotypically Method by Antimicrobial Susceptibility Test
In the present study, P. aeruginosa bacterial isolates were typed phenotypically by using antibiotic susceptibility test (Antibiotype). The antimicrobial resistance patterns of the bacterial isolates are shown in Table 3 , were constructed according to the resistance patterns. All isolates classified into six groups (A-F) according to classes of antibiotics (Cephalosporin, Aminoglycoside, Quinolones, Monobactam, Penicillins and Carbapeneme classes). Of the 63 isolates, 63(100%) were resistant to carbencillin, whereas 20(31.74%) were resistant to ticarcillin. The 18 isolates from wound swabs, 7(38.88%) were resistant to ticarcillin. In addition, lowest resistance 1(1.58%) to amikacin contain one isolate from burn swab and all isolates susceptible to imipenem. The antimicrobial susceptibility results showed that the most active drug against P. aeruginosa bacterial isolates was carbencillin (100%), also Mahmoud et al. [19] , reported that isolates were completely resistant to carbencillin. Whereas, in our study, resistance to ticarcillin was 31.74%, which is high as compared to an earlier study from Saudi Arabia by Khan and Faiz. [21] . However, a very high rate of resistance to ticarcillin (93%) was reported from Turkey [22] , while 25.39% of P. aeruginosa isolates resistant to aztreoname, also Khan and Faiz. [21] reported 32.6% of isolates resistant to aztreoname. Whereas, also in Saudi Arabia Al-Zahrani. [23] study reported that aztreoname exhibited high susceptibility pattern. This variation in drug resistance rate may be correlated with the inappropriate use of relevant antibiotics. On the other hand, results in current study showed completely sensitive to imipenem and lowest resistance to amikacin (1.58%). In Iraq, Hassan et al. [24] agreement with this results showed that all isolates were completely susceptible to imipenin and 13.95% of the isolates were resistant to amikacin. In addition the results showed lowest resistance percent among tested antibiotics; (23.8%) isolates to cefepime, (22.22%) isolates to gentamicin, (14.28%) isolates to ciprofloxacin and tobramycin, (15.87%) isolates to levofloxacin and ceftazidime. Also, in Iraq, Jaafar et al. [25] reported that isolates were low resistance to these antibiotics; (24.14%) isolates resistant to cefepime, ciprofloxacin, levofloxacin, and tobramycin, (27.59%) isolates resistant to ceftazidime and gentamicin. In the same manner 15.78% of P. aeruginosa isolates resistant to piperacillin, that agreement with Jamunadevi et al. [26] , reported 20% of isolates showed resistance to piperacillin. The results showed the QS genes positive isolates showed high antibiotics resistance between experimental isolates and these results may be indicated the correlation between QS signal and bacterial resistance, as well as the classical role of bacterial resistance. The multi-drug resistant pattern (MRD) of P. aeruginosa differentiated into 3 pattern (A, B, C), the highest rate of MDR was observed with pattern C include six isolates (P4, P8, P11, P28, P48, P49) in which this isolates were able to resist (9→12) antibiotics. On the other hand the lowest MDR were noticed with pattern A which the total number of resist antibiotics were only (1→4) (see Table 4 ). In current study, the P. aeruginosa bacterial isolates were investigated for MDR, found low prevalence of MDR P. aeruginosa (9.52%). In Iran, Tavajjohi and Moniri [28] reported that 30% of P. aeruginosa bacterial isolates were MDR. The risk for acquiring MDR microorganisms may be related with the number of carriers in the same ward as well as to individual risk factors, such as patient characteristics and in-hospital events such as antibiotic treatments and invasive devices [29] . Through the current research results most of the isolates were observed resistant isolated from wound infections in different groups of antibiotype, except group E (carbencillin resistance) and group F. As well as the case for MDR, included five isolates from wound infections and one isolate from urine sample. QS genes (lasI, lasR, Figures (2, 3,  and 4) . Our results indicated the pathogenicity of bacteria controlled by signals produced from QS genes. In this manner the local isolates showed positive for one or more QS genes. 
Genotypically method by ERIC and RAPD-PCR
Different molecular techniques have been developed for typing bacteria strains of P. aeruginosa [30] . The molecular typing methods have various advantages over traditional typing methods, including higher discriminatory power, broader application to a variety of bacterial species and speed [31] . P. aeruginosa isolates were typed genotypically by using two different methods of amplification, ERIC-PCR and RAPD-PCR typing methods. In the present study, the ERIC primer sequence was used for detecting differences in the distribution and number of this bacterial repetitive sequence in the clinical isolates of P. aeruginosa genomes.
The results of ERIC amplification of clinical P. aeruginosa isolates revealed that 61 isolates (96.82%) showed amplification bands ranging from one to six bands. The PCR products were between 100bp and 1200bp. Also the results show the high frequent band was a 400bp band and low frequent band was 800bp, while two isolates was non-typed by ERIC-PCR. The results of RAPD amplification of P. aeruginosa isolates revealed that 58 isolates (92.06%) also showed about one to six amplification bands per isolate, except 5 isolates (7.93%) were untypeble. The most frequent bands was a 400bp band, while low frequent band was a 200bp band in an individual isolates, Table 5 . ERIC-PCR has been successfully applied to P. aeruginosa as well as to Serratia marcescens, Staphylococcus aureus, Listeria monocytogenes, Enterococcus faecalis, Staphylococcus epidermidis, Acinetobacter baumannii, and Escherichia coli [32] . All 61 isolates examined in this study generated ERIC-PCR banding patterns ranging in size, from100bp to > 1200bp, with between 1 and 6 bands per isolate, some products (e.g. 300, 400, 600, 1000, 1200bp) were common to several bacterial isolates in Figure 5 . In order to evaluate the genetic relations of the bacterial strains tested, the ERIC typing obtained were recorded and subjected to computerized analysis. The DNA relatedness, which was based on the Dice coefficients, was shown in Figure 6 . Two main groups (I-II) at the level over 5% of Dice coefficient were observed. ERIC-PCR typing revealed 17 groups of genotypes (A-R) of 25-92% similarity according to coefficient values and 4 unique isolates (B, C, F, and R). Genotype Q was the most frequent cluster with 10 (10/61; 16.39% of total isolates) isolates, which were isolated from different sources. On the other hand the RAPD-PCR method could be an additional rapid typing method for studying the molecular characterization and epidemiology of P. aeruginosa bacterial isolates [33] . The results of RABD-PCR, include banding pattern ranging in size, from 200bp to > 1500bp, with between 1 and 6 bands per isolate, some products (e.g. 300, 400, 900, 1400bp) were common to several isolates, Figure 7 . In order to evaluate the genetic relations of the strains tested, the fingerprints obtained were recorded and subjected to computerized analysis. The DNA relatedness, also which was based on the Dice coefficients, was shown in figure (8 
Conclusion
ERIC genotyping significantly correlated resistance patterns but not with virulence control QS genes. RAPD genotyping significantly correlated with source of infection, resistance patterns and virulence control QS genes. These results can help initial diagnosis MDR P. aeruginosa outbreaks associated with specific genotyping patterns.
